Abstract
I. INTRODUCTION
The European Digital Video Broadcasting (DVB) using Orthogonal Frequency Division Multiplexing (OFDM) as transmission scheme. In wireless transmission, one drawback of OFDM systems is sensitive to orthogonality among sub-carriers which might be destroyed by oscillator frequency offset [1] or Doppler spread [2] . The loss of orthogonality among sub-carriers results in inter-carrier interference (ICI) which degrades the performance of OFDM systems. The issue of timing and frequency synchronization, and channel estimation also affect the receiving performance.
The synchronization issue is an essential task for receiver. A synchronization method, maximum likelihood (ML) estimation of time and frequency offset [3] , is a well-known synchronization method for OFDM systems which uses the correlation of cyclic prefix (CP) and data portion within one OFDM symbol. Unlike ML method, Karthik propose ensemble correlation method [4] by only correlating identical position samples over several consecutive OFDM symbols. The Karthik's method gives better accuracy of timing estimation and also provides ISI-free region information. An improved version, partial ensemble correlation method, proposed by Lu [5] gives more accuracy in smaller consecutive OFDM symbols.
The channel estimation is another important issue to the receiving performance. A common channel estimation method uses pilot performing least square (LS) estimation [6] and piece-wise linear interpolation to estimate channel frequency response in frequency domain. However, the frequency domain channel estimation method is sensitive to the frequency accuracy and the piece-wise linear interpolation is easily affected by noise. A time domain channel estimation method, frequency-domain pilot time-domain correlation (FPTC), is proposed in [7] . The FPTC method is less sensitive in timing and frequency offset and gives more accuracy of channel estimation.
In mobile reception, the Doppler spread is also an important issue. The time-varying channel induces ICI and degrades the receiving performance. An ICI cancellation method, receiver windowing method, utilizes ISI-free region to reduce channel time-variation. In [8] , the result shows that the Franks window outperforms than other window coefficients.
In this paper, a DVB-T signals demodulation procedure is presented. The presented results are based on real DVB-T signals measured at driving speed 70 km/hr. The demodulated constellation verifies that the FPTC channel estimation with Franks windowing ICI cancellation gives better performance than LS channel estimation with piecewise linear interpolation. Figure 1 presents a DVB-T signals demodulation procedure. The timing and fine frequency offset estimation is done by using Lu's algorithm over 8 consecutive OFDM symbols to synchronize the timing and fine frequency offset. After time and fine frequency synchronization, the receiver windowing and combining method [9] with Franks window coefficients is performed to mitigate the Doppler spread effect. The coarse frequency offset is synchronized using continual pilot in frequency domain. And then, the synchronized signals are transferred into time domain and performing FPTC method with time domain scattered pilot to estimate channel impulse response in time domain. The channel frequency response is obtained by performing fast Fourier-transform (FFT) of the estimated channel impulse response and the received signals are equalized in frequency domain using one-tap equalizer. 
II. DVB-T SIGNALS DEMODULATION PROCEDURE

A. PARTIAL ENSEMBLE CORRELATION METHOD
The partial ensemble correlation method proposed by Lu [5] is applied here for timing and fine frequency offset synchronization and ISI-free region estimation. Similar to the ensemble correlation method, the partial ensemble correlation method uses the correlation values between the cyclic extension and the data portion over several consecutive OFDM symbols. However, the partial ensemble correlation method needs fewer OFDM symbols by dividing the CP into several parts instead of ensemble correlation method that only correlation for identical samples over large OFDM symbols. The partial ensemble correlation method is as shown in Figure 2. where N represents the duration of data portion, L represents the CP duration and s is the length of one division part of CP. The s (1＜s＜L) should be set smaller than the length of ISIfree region in order to detect the ISI-free region. The log-likelihood function given in [5] is The symbol timing and carrier fine frequency offset is estimated by
The ISI-free region is estimated according to the plateau of the sum of the correlation values as Figure 3. shows. The estimated ISI-free CP ratio is expressed as (2.8).
ˆq L α = (2.8) self-cancellation method, receiver windowing with Franks window coefficients [9] is applied here to reduce the channel time-variation. The receiver windowing method utilizes the ISI-free region in time domain to reduce ICI to improve mobile receiving performance. The Franks windowing method multiplies the data portion and ISI-free region of CP with Franks window coefficients within one OFDM symbol. The Franks window coefficients are function of ISI-free CP ratio given in (2.9).
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After multiplying the Franks window coefficients, the ISIfree region of CP is combined to the corresponding data portion to mitigate the channel time-variation as shown in Figure 4 . In the assumption of linear time-varying channel, the Franks windowing can equivalently mitigate the channel time-variation of corresponding data portion into constant to reduce ICI impairment. 
C. Frequency-domain Pilot Time-domain Correlation
A time domain channel estimation method, FPTC [7] , is applied in this paper. In the 8k mode of DVB-T systems, there are 568 scattered pilots inserted in frequency domain with a specific rules to assist channel estimation. The FPTC method uses these scattered pilots transferred into time domain and embedded in the receiver side to correlate with the received time domain OFDM symbol to estimate the channel impulse response. The frequency response can be acquired by taking FFT of the estimated channel impulse response The channel impulse response is estimated by using (2.10) given in [7] . 
III. RESULTS
The receiving performance is verified through the demodulated constellation of real DVB-T signals measured at driving speed 70km/hr. The demodulation procedure was off-line implemented by software. Fig. 5 shows the demodulated constellation using FPTC channel estimation and Franks windowing method. Fig. 6 shows the demodulated constellation using LS channel estimation with linear interpolation. Compare Fig. 5 to Fig. 6 , the constellation in Fig. 5 are more concentrated and more distinguishable. The average Euclidean distance error of demodulated symbols of the 16-QAM constellation for these two methods is shown in table 1. The average error distance is smaller by using Franks windowing and FPTC. 
